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ABSTRACT 
 
     This study examines injury outcomes for front seat passengers of European passenger cars in 
struck-side crashes. The UK National Accident Database (STATS 19) and UK In-depth Accident 
Database (CCIS) were analysed to determine how injury outcomes have changed between two distinct 
sets of vehicles; older cars manufactured pre 1993 and newer cars manufactured post 1998. Overall 
trends in injury outcome are reported with comparisons made to outcomes in frontal and non struck-
side impact crashes. More detailed results relating specifically to head and chest injury outcome are 
given. Additionally an assessment of the performance of side airbags is made. 
     In general, improvements in the killed and seriously injured (KSI) rates for struck-side occupants 
are observed in newer cars compared with older vehicles and when fatalities are considered the 
greatest improvement is seen in the reduction of mAIS (i.e. highest AIS injury) 4+ chest injuries. 
However, when side airbags are considered, the rate of serious chest injury is higher in the sample of 
cars with side airbag deployment (25.0%) than the sample of cars with no side airbag deployment 
(10.2%). Of these serious chest injuries the rate of multiple rib fracture on the struck-side is almost 
double in cases where a side airbag has deployed compared with when no side airbag has deployed. 
     Regulation seems to have been effective in reducing the rate of KSI injury outcome in struck-side 
crashes with slight benefits in terms of head injury mitigation and more apparent benefits in terms of 
chest injury mitigation. There are however some preliminary contrary indications regarding the 
benefits of the side airbag which may indicate a problem with out-of-position occupants. 
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SIDE IMPACT PROTECTION - Side impacts have historically been a problematic passenger 
vehicle crash type in terms of injury outcomes. Essentially this is because there is generally so little 
space between the occupant and the striking object which gives little scope for providing crash energy 
management unlike the situation for frontal impacts.  Therefore in many cases, the occupants can be 
subjected to a very severe impact to the side of the vehicle. The seat belt can offer only reduced 
protective benefits compared to frontal impacts simply because of the lack of ride-down space. 
Additionally, because of the seated position of the occupants, there is potential for ejection of the head 
through the side window aperture and consequent exterior head contact. 
     Regulations governing design of vehicles for side impact crashes were introduced in the European 
Union in 1996 (UNECE R95). In many cases, the regulation implied a change of vehicle design so that 
acceptable levels of protection were provided specifically to the head, chest and pelvis.  As a 
consequence, vehicles manufactured after the introduction of the regulation were generally somewhat 
structurally different to vehicles manufactured much earlier e.g. in the early 1990’s.  Virtually at the 
same time that the regulation became effective in Europe, side airbags started to become a more 
prevalent design feature in vehicles. The majority were predominantly installed into the passenger seat 
or the door. The main aim of such systems was to prevent thorax and head injuries through contact on 
the vehicle door for chest injuries and exterior sources for head injuries in the event of a side impact 
crash. Such systems can normally be categorised into one of a number of types; 
(1) Thorax protection only mounted in the seat 
(2) Thorax protection only mounted in the door 
(3) Thorax and head protection mounted in the door 
(4) Head protection only mounted in the cant rail  
 
 
     The introduction of the EuroNCAP programme also contributed to a change in design because in 
order to obtain a 5-star rating by participating in the voluntary pole impact test, vehicles needed to 
install an effective head protection device designed to prevent head contacts. Since the introduction of 
the regulation and also EuroNCAP, some studies have examined the changes that have been 
introduced from an injury perspective. However, lack of field data in the UK has prevented a rigorous 
examination of effectiveness. 
 
     SIDE AIRBAG EFFECTIVENESS - There has been some work looking at the effectiveness of 
side airbags on injury outcomes. Much of the work has concentrated on out-of-position occupants 
(particularly children) and also the risk to the upper extremity in the event of a crash. Most of such 
previous work has been conducted under experimental conditions in laboratories (e.g. Kallieris, 1997; 
Schroeder et al, 1998; Jaffredo et al, 1998;Tylko et al, 2000, 2001; Duma et al 2001). Some field 
studies of side airbag performance have also been conducted (Baur et al, 2000; Roselt et al 2002; Kirk 
and Morris 2003) although lack of cases has prevented rigorous analysis of the field effectiveness of 
such systems. 
 
     This study examines UK field data to explore a number of issues, specifically: 
 
• What has been the overall change in UK casualty figures as a result of the changes in vehicle 
design; 
• What has changed in terms of injury outcomes to specific body regions where improved 
design was likely to have the biggest impact (e.g. head and chest injury outcomes); 
• What are the early indications with regard to side airbag effectiveness in terms of head and 
chest injury outcomes? 
 
METHODOLOGY 
 
     Two data sources have been used in this study.  In the first part an analysis has been made of the 
UK National Accident Data (STATS 19).The STATS 19 data contains information relating to UK 
accidents resulting in human injury or death but does not contain any information relating to non-
injury accidents. The data gives a full representation of the accident situation within the UK. Data for 
the years 2001-2003 were used for this analysis and cars selected for inclusion based upon their year 
of manufacture. Two distinct groups were defined; old vehicles manufactured 1990-1992 – distinctly 
pre regulation and new vehicles manufactured 2001-2003 – distinctly post regulation. 
     An exploration was made of the relative KSI rates for front seat occupants in a range of impact 
types (frontal, struck-side and non struck-side) and according to impact object (car-to-car and car-to-
non car excluding vulnerable road users). The impact type was categorised according to the STATS 19 
variable ‘first point of impact’ and is subjective to the attending officer; it does not imply a direction 
of force of the impact (DoF). KSI rates are based upon the occupant severity as judged by the police 
officer at the time of the accident unless death subsequently occurs within 30 days of the accident. 
     The second analysis involves UK in-depth crash injury data (CCIS). Both statistical analyses and 
in-depth case reviews have been carried out in this section. The UK data were collected between June 
1998 and February 2005 as part of the on-going UK Co-operative Crash Injury Study. The CCIS data 
use a stratified sampling criterion to identify crashes to be investigated. 100% of fatal, 80% of 
‘serious’ and 10-15% of ‘slight’ injury crashes (out of all injury accidents) that occur within specified 
geographical regions throughout the UK are investigated (according to the UK Government’s accident 
classification).  The sampling criteria also specify that injury must have occurred in at least one car 
that was at most 7 years old at the time of the accident. Older cars appear in the data if they impact 
with a newer car. Thus, when the data are split in to a new car and an old car sample, the new car 
sample has a variety of ‘impact objects’ whereas the old car sample consists of mainly car to car 
impacts. All crashes analysed in the CCIS data sustained only one impact in order to more accurately 
relate the injury outcome to the specific impact event. Data on only restrained front seat occupants was 
considered. Where appropriate, data on drivers and front seat passengers was combined to provide a 
larger sample of ‘struck-side’ occupants for analysis. 
 
     All injuries were coded using the Abbreviated Injury Scale (AIS) 1990 revision. Data from medical 
records were obtained from hospitals to which the crash casualties were admitted. All vehicles in the 
study were towed away from the crash scene. An in-depth examination of each vehicle was made in 
recovery-yards and garages within a few days of the accident.   
     
 
RESULTS 
 
     PART 1 In this section an analysis has been made of the STATS 19 data for the years 2001-2003. 
Although information is available for uninjured drivers, this is not the case for front seat passengers 
(FSP). In order to be consistent in the comparative rates of injury, the distributions shown are those 
among injured occupants only for both seating positions. Thus the analyses show how injury severity 
distributions have changed for frontal, struck-side and non struck-side impacts with vehicle age (old 
cars manufactured 1990-1992 and new cars manufactured 2001-2003) but does not support any shift 
towards complete injury mitigation for front seat occupants.  
     Two scenarios, car to car impacts (covered by regulation) and car to non-car impacts (not generally 
covered by regulation), are considered. The car-to-non-car impacts exclude impacts with vulnerable 
road users. It is not possible to determine restraint use or airbag deployment from the STATS19 data 
but it is not considered that patterns of belt use would have changed significantly during the three 
years worth of data analysed in the study. This is supported by observational studies carried out in the 
UK (TRL 2002, 2004). 
     Table 1 shows how the proportion of front seat occupants killed or seriously injured in frontal 
impacts has changed with vehicle age. The proportion of those with KSI injury outcome is lower in the 
new cars than the old cars for both drivers and FSPs and for both impact scenarios, though the rate 
remains higher when the impact object is other than a car. 
 
 Driver FSP 
 Old cars New cars Old cars New cars 
Car to Car 12.2% 9.0% 11.1% 10.4% 
Car to non-car 18.2% 14.0% 17.3% 13.1% 
Table 1 - KSI rate in Frontal Crashes STATS 19 2001-2003 
 
     The situation for struck-side impacts is shown in table 2, which are right side impacts for drivers 
and left side impacts for FSPs (assuming vehicles to be right hand drive). Again the proportion of 
those with KSI injury outcome is lower in the new cars than the old cars for both drivers and FSPs and 
for both impact scenarios, though the rate remains higher when the impact object is other than a car. 
 
  Driver FSP 
 Old cars New cars Old cars New cars 
Car to Car 8.9% 7.1% 12.2% 7.2% 
Car to non-car 15.5% 11.7% 19.3% 13.1% 
Table 2 - KSI rates in Struck-Side Crashes STATS 19 2001-2003 
 
   Finally the KSI distributions for non struck-side crashes are shown in table 3. As with the other 
impact types, benefits are seen in the newer cars for both drivers and front seat passengers and for both 
car-to-car and car-to-non car impacts. 
 
 
 Driver FSP 
 Old cars New cars Old cars New cars 
Car to Car 8.8% 6.8% 7.3% 6.3% 
Car to non-car 14.9% 10.2% 14.9% 10.0% 
Table 3 - KSI rates in Non Struck-Side Crashes STATS 19 2001-2003 
 
 
     It is apparent from these results that newer vehicle design has benefited front seat occupants in 
frontal, struck-side and non struck-side impacts, but it is also clear that for these impact types, in the 
event of injury, KSI outcome is more likely in impacts other than car-to-car impacts. 
 
     PART 2 In the second part of the analysis the CCIS database has been used. Analysis has been 
made on 3,671 individual restrained drivers and front seat passengers involved in single impact 
crashes. Of these data, the breakdown in terms of crash type and driver/front seat passenger injury 
severity (as determined by the UK Police) was as follows; 
 
Crash type N % of total % of Drivers and Passengers 
Killed or Seriously Injured 
Frontal 2,470 67.3 33 
Struck-side 646 17.6 36.2 
Non-struck side 401 10.9 39.9 
Other  154 4.2  
Total 3,671   
Table 4 – Cases Included in In-depth Analysis 
 
     These data were then broken down further into two distinct groups depending on the date of vehicle 
manufacture. The first group were ‘Older’ designs of vehicles that were manufactured between 1985 
and 1992. These vehicles were designed and manufactured distinctly before the introduction of 
regulation/EuroNCAP test programmes. The second group were ‘Newer’ designs of vehicles which 
were manufactured from 1998 onwards, distinctly after the introduction of regulation/EuroNCAP test 
programmes. Vehicles manufactured between 1993 and 1997 were not included in this study (N=359). 
These classifications (in terms of date of manufacture) were used in an attempt to assess the effects of 
regulation/EuroNCAP introduction. A wider spread of manufacturing year was used than that used in 
the STATS19 analysis (Part 1) in order to increase the sample size sufficiently for robust results. 
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Fig. 1 – Fatality Rates by Impact Type, Old-v-New Cars 
 
       Figure 1 shows fatality rates by impact type for ‘Newer’ and ‘Older’ vehicles. The data suggest 
that there has been an improvement in the safety performance of vehicles for all front seat occupants 
in all impact types in accordance with the result from the STATS 19 analysis. However, in this section 
where fatalities alone are considered, the fatality rate for front seat occupants in side impacts remains 
3 times greater than in frontal impacts and twice the rate in non-struck side impacts whereas when KSI 
rates were considered in the STATS 19 analysis, higher rates were seen in frontal impacts. This 
difference can in part be attributed to the severity outcome under consideration. Another explanation 
could lie in the accuracy of the impact definition; accurate for CCIS but based upon first point of 
impact for STATS 19. Also, the STATS 19 data reflects the severity outcome in the case of injury 
 
whereas the CCIS results reflect the inclusion of un-injured occupants. Never the less, these data 
provide justification for assessing injury outcomes in struck-side crashes in more detail to determine 
possible contributory factors and to possibly highlight areas for further improvement. 
     Information on 287 struck-side occupants of new cars and 82 struck-side occupants of old cars was 
available. Individual body regions were analysed to assess changes in injury outcomes when 
comparing new cars to old cars. Specifically, injuries to the head and chest in struck-side crashes were 
examined for a number of reasons; 
 
• These are the body regions most frequently injured at the AIS 2+ level 
• These are body regions where ‘Serious’ injury poses the greatest threat-to-life 
• These body regions are instrumented in side impact dummies in both regulatory compliance 
and EuroNCAP testing and therefore improvements would be expected in ‘Newer’ vehicles. 
 
     Figures 2 and 3 show the head and chest injury distributions in struck-side impacts. The 
distributions reflect the maximum AIS score to each occupant within the specified body region; mAIS. 
As can be seen from figure 2, Head mAIS 2 & 3 injuries increased by 9% in the ‘New’ car group 
compared to the ‘Old’ car group. However, there was a 22% reduction in the mAIS 4+ group. 
In terms of chest injury (figure 3), for mAIS 2 & 3 injuries, only a marginal decrease (3%) was 
observed. However a reduction of 63% was observed for mAIS 4+ chest injuries. 
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Fig. 2 – Head mAIS Distribution Old-v-New Cars 
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Fig. 3 – Chest mAIS Distribution Old-v-New Cars 
 
 
     PART 3 Injury Distributions by Side Airbag Deployment Finally, the effectiveness of side airbags 
on injury outcomes to the head and chest in struck-side airbags was examined. In this analysis only the 
new car sample from the CCIS data is considered. Throughout the analysis the ‘airbag deployed’ sub-
sample contains confirmed side airbag deployments and the ‘airbag not deployed’ sub-sample contains 
those cars with side airbags fitted but not deployed and those not fitted with side airbags. 
 
     Table 5 examines overall head and chest mAIS to struck-side occupants, regardless of whether the 
occupant was the driver or front seat passenger. As can be seen from the table, the rate of both mAIS 
2+ injury to both the head and chest are comparable (head = 14.6%, chest = 13.2%). 
 
 N=287  Mean ETS=22.6 km/h 
  Head  Chest  
 mAIS 0 & 1 80.2% 81.5%  mAIS 2+ 14.6% 13.2%  Not Known 5.2%. 5.2%  
Table 5 - Front Occupants in Struck-Side Crashes – All Crashes 
 
     Table 6 shows the rate of mAIS 0,1 and mAIS 2+ injury in vehicles in which any side airbag 
deployed in the vehicle. As can be seen from the table, the frequency of both head mAIS 2+ and chest 
mAIS 2+ injury increases to over 20% in each case. This can be compared to the data shown in table 7 
(in which no airbag deployed) where the frequency of mAIS 2+ injury to the head and chest are 12.2% 
and 10.2% respectively. 
 
 
 
 (N=49)  Mean ETS=25.6 km/h 
 Head Chest  
mAIS 0 & 1 75.5% 71.4% 
mAIS 2+ 20.4% 22.4% 
Not Known 4.1% 4.1% 
Table 6 - Front Occupants in Struck-Side Crashes – Known Any Side Airbag Deployed 
 
 (N=197)  Mean ETS=21.5 km/h 
 Head Chest  
mAIS 0 & 1 82.2% 84.3% 
mAIS 2+ 12.2% 10.2% 
Not Known 5.6% 5.6% 
Table 7 - Front Occupants in Struck-Side Crashes – Known No Side Airbag Deployed 
 
     Head injury outcomes (with respect to head side airbag) were then examined. Table 8 shows head 
injury outcomes in crashes in which a cant rail airbag deployed. The data from this study suggest a 
very positive effect of this type of airbag on head injury outcomes. In 90% of cases, the head injury 
outcome was either ‘No’ or ‘Minor’ injury. 
 
 
 (N=10) Mean ETS = 21.3 km/h 
 Head  
mAIS 0 & 1 90% 
mAIS 2+ 0% 
Not Known 10% 
Table 8 - Front Occupants in Struck-Side Crashes – Cant Rail Deployment Only 
 
     In table 9, head injury outcomes were examined in cases where a door or seat mounted side airbag 
deployed in the crash. In this sample, the mAIS 2+ head injury frequency was 25.6%.Therefore the 
cant rail airbag has a perceived benefit in reducing head injury severity (though the sample size needs 
to be taken into account) whereas the door/seat-mounted airbag does not have an apparent effect on 
head injury mitigation, though it is not known how many of the airbags in this sample were designed 
to offer dual chest/head protection. 
 
 
 
 (N=39) mean ETS approx 26.0 km/h 
 Head  
mAIS 0 & 1 69.2% 
mAIS 2+ 25.6% 
Not Known 5.1% 
Table 9 - Front Occupant s in Struck-Side Crashes – Door or Seat Deployment Only 
 
     Chest injury outcomes were then examined (table 10). As can be seen in the table, mAIS 2+ chest 
injury outcomes in vehicles where a door/seat mounted airbag deployed were 25% compared to 10.2% 
in cases where it was known that no airbag was deployed.  Of the 48 door or seat-mounted airbag 
deployments, 36 were seat-mounted and 12 were door mounted. The mAIS 2+ chest injury rate in the 
seat-mounted was 31% whilst the rate in door-mounted deployments was 8%. 
 
 
N=48 Mean ETS=25.1 km/h 
 Chest  
mAIS 0 & 1 70.8% 
mAIS 2+ 25.0% 
Not Known 4.2% 
Table10 -Front Occupants in Struck-Side Crashes – Door or Seat Deployment (Includes when cant rail 
airbag may also have deployed) 
 
     Chest injury outcomes were then examined in more detail. In particular, the injury type was 
examined in relation to crash severity (ETS), object hit, age and gender of occupant. Two groups of 
occupants sustaining AIS 2+ chest injuries were considered; those in struck-side impacts with no side 
airbag (door/seat) deployment, and those in struck-side impacts with side airbag (door/seat) 
deployment. The results are shown in table 11. 
 
No Side Airbag 
(N=20) 
Side Airbag 
(N=11) 
 
Mean ETS (km/h) 37 41 
Mean age of occupant (years) 39 (range 18-75) 41 (range 20-74) 
% male 85 55 
% car-to-car 50 45 
% car-to-truck/bus 10 9 
% car-to-fixed object (tree, pole etc) 35 36 
Number of occupants with Multiple rib fractures 10 10 
Number of occupants with lung contusions 9 6 
Number of occupants with aorta transection 3 2 
Number of occupants with haemo/pneumothorax 6 4 
Table 11 - Characteristics of Crashes Resulting in AIS2+ Chest Injury 
 
Whilst there is much overlap between the two samples in terms of occupant characteristics and crash 
conditions, there are some differences in injury outcomes. Most striking is the fact that in the sample 
of struck-side occupants who sustained a chest injury at the mAIS 2+ level in vehicles with a deployed 
door/seat-mounted airbag, multiple rib fractures occurred in 10 of the 11 cases whereas in the non-
airbag group, multiple rib fractures occurred in only 10 of the 20 cases. Other injury types between the 
two groups were otherwise comparable. These are interesting preliminary results and there would be 
obvious benefit from repeating this study as and when more data become available. In the following 
section these cases where serious chest injury has occurred are examined in more detail. 
 
 
 
 
Case Examples 
 
Given the results shown in table 11, the cases in which chest injury occurred both with and without 
side airbag deployment were reviewed to look at specific crash characteristics.  The underlying reason 
for this review was to assess whether injury outcomes were consistent with vehicle deformation and 
other crash characteristics. Given that severe chest injury occurred in all cases, a central issue was 
whether the side airbag contributed in any way to the injury outcome in the airbag deployed cases and 
whether there was the possibility of an occupant being out-of-position at the time of the crash. 
In the majority (16) of the cases with no airbag deployment / fitment, the nature and severity of the 
chest injuries were consistent with the crash conditions and not unexpected. Two of the remaining 
cases, though coded as right side impacts, in fact had either a 1 o’clock or 12 o’clock principal 
direction of force; these impacts were more frontal in nature and again the injuries were not judged to 
be unexpected under the given conditions. In the first of the final two cases the extent of the relevant 
intrusion was unknown though the chest injury causation was given as the side door. In the remaining 
case a 72 year old male received rib fractures and pneumothorax in a relatively minor impact where 
the maximum relevant was just 4 cm at the base of the door. In this case, where the injury is perhaps 
unexpected under the given conditions, the age of the occupant may be a contributory factor. 
Considering next those cases where a side airbag deployed, in 6 out of 11 cases the intrusion into the 
passenger compartment was such that the injury outcome was unsurprising. The presence of a side 
airbag would have made little difference in such cases. In the remaining 5 out of 11 cases, it was 
concluded from available evidence that the extent of crush and intrusion were such that it was 
questionable whether severe rib fractures would have occurred in the absence of a side airbag. Thus 
the possibility of ‘out-of-position’ occupants is an issue in these cases.  
For direct comparison, two cases with similar (but not identical) crash conditions are briefly 
summarised. In the first example, a seat mounted side airbag was deployed. In the second example, no 
side airbag was present. 
  
 
Case 1   
 
Accident Scenario 
The Case Vehicle pulls out at crossroads and is in collision with a motorcycle 
 
 
Motorcycle 
Case vehicle 
 
Driver details  Vehicle Details 
Male, aged  55 years  2002 registration 
Weight 81kg, Height 185 cm 1 impact to right side CDC: 03RPAW4 
Seat belt used Max crush depth 34cm @ C4, taken at 58cm 
height Steering wheel airbag not deployed 
 Seat back thorax & head bag activated Max intrusion 20 cm at base of window right 
front door  MAIS 3, ISS 10 
Multiple right-side rib fractures (2,3,4 and 5) Delta-V: n/k 
ETS: 21kmh 
 
 
        
 
     
 
Case 2  
 
Accident Scenario 
The Case Vehicle leaves the road and collides with a tree 
 
 
Driver details  Vehicle Details 
Vehicle collides 
with tree 
Female, aged  20 years  1998 registration 
Weight 54kg, Height 157 cm 1 impact to right side CDC: 03RPAW4 
Seat belt used Max crush depth 53cm between C4 & C5, 
taken at 33cm sill height No airbags fitted 
MAIS 3, ISS 10 Max intrusion 37 cm at base of driver’s door  
# R mid clavicle Delta-V: 27kmh 
ETS: 27kmh # mid shaft R femur 
 
        
 
 
     
It should be noted that accident cases that are directly comparable in terms of accident circumstances 
are extremely rare. However, the cases listed are broadly comparable although the circumstances of 
case 2 (the vehicle with no side airbag fitted) are possibly more severe even though in this case no 
serious chest injury occurred. 
 
Clearly the data presented leave room for debate concerning contributory factors to injury and 
therefore further statistical and case review work (involving a wider field of expertise) should be 
carried out to review these findings. 
 
 
 
DISCUSSION 
 
     This paper highlights the success of regulation and also EuroNCAP in improving vehicle design for 
better crash protection. Benefits are clearly seen for occupants involved in frontal, struck-side and 
non-struck side impacts. This finding is consistent in both national and in-depth data. The success of 
improved vehicle design in improving frontal crash protection has been well documented in several 
other studies; in this impact type, improved airbag and restraint systems together with enhanced 
structural designs are combined to reduce life-threatening injuries particularly to the head but also the 
chest.  
     However, the situation for occupants in struck-side crashes is not as clear. In both the national and 
in-depth sample, the fatality rate in this type of crash has decreased, which suggests that the design of 
the vehicle has improved. However, when considering injuries to the head and chest individually, the 
data presented here suggest that benefits in terms of head and chest protection are only seen at the 
mAIS 4+ level. This by itself is encouraging since mAIS 4+ injuries represent a significant threat to 
life, particularly when the head and chest are involved and multiplicity of injury occurs. The results 
would appear to suggest that structural improvements that have been made to ‘Newer’ designs of 
vehicles are contributing to severe injury mitigation. 
     Of interest in this study is the review of side airbags in struck-side impact crashes. Although the 
sample size needs to be taken into account, the data presented here suggest that the cant-rail airbag is 
effective in preventing serious head injury. However by contrast, door and seat-mounted airbags do 
not appear to be effective in reducing AIS2+ head injury since that rate of injury in this sample was 
12.2% in crashes where no airbag deployed and 25.6% in crashes where a side airbag was activated. 
The reason for this is not clear and there may be factors not accounted for in this study. However, the 
data suggest that this issue would be worthy of further exploration in the future. 
     The situation with regard to chest injury is also unclear. When the door or seat-mounted airbag 
deployed, the mAIS 2+ chest injury rate was 22.4% compared to 10.2% when no airbag deployed. Of 
the 48 door or seat-mounted airbag deployments in this study, 36 were seat-mounted and 12 were door 
mounted. The mAIS 2+ chest injury rate in the seat-mounted was 31% whilst the rate in door-mounted 
deployments was 8%. These results suggest a benefit with a door-mounted airbag but a possible dis-
benefit with a seat-mounted airbag. The issue of out-of-position occupants could play a role in this 
finding and this could be explored in more detail elsewhere. Sample size also needs to be considered 
in this analysis. 
     Injury types have also been evaluated and of particular interest is the fact that multiple rib fractures 
are over-represented as an injury type in cases of side airbag deployment. In a sample of AIS 2+ chest 
injuries, multiple rib fractures occurred in 10 out of 11 cases where a side airbag deployed compared 
to 10 out of 20 cases where a side airbag did not deploy. This was the case even though the crash 
conditions and occupant characteristics were broadly comparable.  In 5 cases with side airbag 
deployment, a case review revealed the possibility of an airbag-induced injury which, in some 
instances, may have occurred through occupants being out-of-position. 
    The size of the sample available for this study needs to be taken into account but the data  suggest 
that there is a need for further exploration of this issue. A possible approach would be to initiate multi-
centre collaboration to provide an international evaluation.  
 
 
 
 
CONCLUSIONS 
 
• Clear improvements in crash protection are apparent for front seat occupants of newer cars 
compared with an older car sample. This is the case for frontal, struck-side and non struck-
side crashes. 
• When fatalities are considered, there are considerable reductions in the proportion of mAIS 4+ 
head and chest injuries occurring in struck-side crashes in a newer car sample. 
• The cant rail side airbag appears to be effective at reducing the severity of head injury in a 
struck-side impact. 
• A door mounted side airbag appears to offer good chest protection in a struck-side impact. 
However the benefits of seat-mounted side airbags are not yet evident. 
• The results presented here are based upon the largest available sample of side airbag 
deployments to date. The sample sizes are however still small and caution is required in the 
interpretation of the results. 
• The data presented leave room for debate concerning contributory factors to injury and 
therefore further statistical and case review work (involving a wider field of expertise) should 
be carried out to review these findings. 
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